Water use of grapevines (Vitis vinifera 'Superior') trained to a gable system was measured in 12 drainage lysimeters for 4 growing seasons (1999,(2001)(2002)(2003) 
INTRODUCTION
Most of the water supplied to a crop returns to the atmosphere by evaporation from the soil and via transpiration from the canopy. The evaporative demand of the atmosphere along with canopy characteristics, such as stomatal conductance, and the irrigation method are the main factors affecting evapotranspiration (ET). The water use of grapevines, grown in different regions using different management practices, has been published (Behboudian et al., 2001; Bravdo and Hepner, 1987; Van Rooyen, 1980; Yunusa et al., 1997) . The methods used to measure water use in grapevines have included models based on water and soil parameters (Erie et al., 1982; Van Rooyen et al., 1980) , meteorological data (Oliver and Sene, 1992; Yunusa et al., 2000) , sap flow sensors (Braun and Schmid, 1999; Ginester et al., 1998) and weighing (Williams, 1999; Williams et al., 2003) and drainage lysimeters (Evans et al., 1993; Prior and Grieve, 1986; Van Rooyen et al., 1980) .
The relationship between ET c and reference evapotranspiration (ET o ) is termed the crop coefficient (K c = ET c /ET o ) (Doorenbos and Pruitt, 1975) . As vine water consumption changes during the growing season and due to cultural practices including trellis type and row spacing, it is expected that the seasonal K c would also be affected.
One of the objectives of the present study was to determine seasonal crop water use of Vitis vinifera 'Superior' table grapevines grown under unlimited water supply in a semiarid region of southern Israel. Another objective was to establish seasonal K c curves for these grapevines.
MATERIALS AND METHODS
Water consumption of 'Superior' table grapes was determined with the use of 12 drainage lysimeters. The lysimeters were located in a 1 ha vineyard at the Lachish agricultural research station in Israel (31.4° N, 34 .8° E). The vines, grafted onto '1103 Paulsen' rootstock, were planted both in the vineyard and in the lysimeter tanks in April 1997. The vineyard soil was deep and well drained, and was composed of 30% sand, 28% silt and 42% clay. Rows were oriented north to south. Vine spacing was 2 m within rows and 3.5 m between rows (1430 vines ha -1 ). The vines were trained to a double canopy gable system with 8 fruiting canes per vine of 14 buds per cane. The volume of each lysimeter tank was 1.30 m 3 and its dimensions were 1.05 m in diameter and 1.5 m in depth. Six lysimeters were filled with undisturbed local soil and the remaining six were filled with tuff gravel (up to 4 mm in diameter). The lysimeters were installed in the ground with their surface equal to the soil surface of the vineyard. To assure the free flow of drainage water from the lysimeter to a receiver tank, the bottom three layers of the tanks were 10 cm of gravel, 10 cm of rock wool and 10 cm of milled quartz.
The vines in the lysimeters were irrigated above ground with 4 emitters at a discharge rate of 2.4 L h -1 . The water that percolated through the lysimeters was collected in the receiver tanks and the volume was measured each morning. To ensure that the drainage solution could be obtained daily, the volume of water supplied by irrigation exceeded the estimated daily water consumption by at least 20%. Daily irrigation began at 0700 h and continued for at least 6 h. The receiver tanks were located in a 2 m deep underground tunnel constructed along the row of lysimeters. Apart from irrigation, field and lysimeter-grown vines were treated similarly over the 5 year period.
Daily vine ET c was calculated by subtracting the volume of water collected as drainage over a 24 h period from the amount that was supplied by irrigation for the same period. Vine ET c was calculated multiplying the average daily water consumption per vine by 143 (143 vines per 0.1 hectare). Reference ET was calculated according to the Penman-Monteith equation as modified for the California Irrigation Management Information System (CIMIS) (Snyder et al., 1985) . The meteorological data for calculation of ET o were obtained from a weather station at the Lachish research station near the site of the experiment.
Leaf Area Index (LAI) is the ratio of total green surfaces, including leaves, shoots and fruit (when present) to unit of land area allocated for each vine. The LAI of the lysimeter grown vines and of field-grown vines was estimated several times during the 2002 and 2003 growing seasons, using a canopy analysis system (SunScan model SS1-R3-BF3; Delta-T Devices, Cambridge, UK). The canopy analysis system uses a line quantum sensor array sensitive to photosynthetically active radiation (PAR). The method of estimating LAI ('gap fraction inversion') is based on light measurements beneath the canopy (Cohen et al., 1997; Grantz and Williams, 1993; Wilhelm et al., 2003) . The analyzer was operated using the standard protocol recommended by the manufacturer. Each sample consisted of equally spaced observations (20 cm apart), starting from the center of the row to half the distance between adjacent rows with the linear probe positioned parallel to the rows (Cohen et al., 1997) . The LAI values obtained by this method were correlated with destructive harvesting of leaves along the row, 1 m on either side of the vine's trunk. Leaf area was then measured using an area meter (model 3100; Li-Cor, Lincoln, Nebraska). Leaf area of 14 sections was measured at different times during the growing season. A comparison between the two methods indicated they were highly correlated with one another (y = 0.0133 + 0.983x, R 2 = 0.99, n = 14).
RESULTS AND DISCUSSION
Budbreak for this cultivar occurred at the beginning of March between days of year (DOYs) 60 and 74 (Table 1) (Fig.1) . The LAI gradually decreased until late fall. The seasonal ET o curves are typical for the hot and dry summers of the Mediterranean region. Maximum ET o was measured during July ( Fig. 2A) Fig. 2A) . Crop ET exceeded ET o at the end of June (DOY 176) and remained higher during July and August. A gradual decrease in ET c was observed from the end of August to the end of the season.
The crop coefficient K c is a dimensionless number obtained by dividing ET c by ET o (Doorenbos and Pruitt, 1975) and it can be used to estimate daily vine water consumption in vineyards using the same cultivar and cultural practices and grown under similar environmental conditions. The seasonal K c curve for 'Superior' grown in the Lachish district was approximately 0.35 at the end of March, just after budbreak (Fig. 2B) and reached a value of 1.2 during September and October (DOY 250-304). The K c was a linear function of LAI (Fig. 3) . The maximum K c of 1.2 reported here is higher than the published values for grapevines (Allen et al., 1998; Williams et al., 2003) but close to that calculated by Stevens and Harvey (1996) .
The average seasonal water consumption of 1027 mm measured here is approximately 20% greater than that for 'Thompson Seedless' grown in the San Joaquin Valley of California (Williams et al., 2003) even though seasonal ET o was similar at both locations. The difference in ET c between this and the 'Thompson Seedless' studies may be explained due to different cultivars, differences in trellis system and greater leaf area of the 'Superior' vines.
Calculated ET c of vines in the lysimeters from budbreak to until harvest (659 mm) is greater than the amount of water traditionally used by the growers in the area during the same period (400 mm). Similarly, ET c from harvest through the end of the season measured in this study (476 mm) is about double the amount used by growers (250 mm). The higher ET c measured in the present experiment is due to the fact that vines in the drainage lysimeters were irrigated with water amounts significantly higher than ET c and therefore the vines did not experience water stress at any time. Additionally, growers tend to reduce irrigation substantially after harvest causing a gradual increase in water stress but still maintaining a viable canopy through the end of the season. The ET c values obtained in the lysimeters served as a reference for an irrigation experiment conducted close by where values of 0.4, 0.6 and 0.8 of calculated ET c were applied (not shown).
CONCLUSIONS
Vine ET c at the beginning of the season was about 30% that of ET o while ET c exceeded ET o beginning the end of June and remained higher through July and August. Average yearly ET c and ET o were 1028 mm and 1096 mm, respectively. The K c was 0.35 at the end of March and increased to a maximum of 1.2 in August. The highest LAI was measured at the beginning of August, just before harvest. It was 4.2 and 4.9 m 2 m -2 in 2002 and 2003, respectively. The K c was a linear function of LAI. The seasonal ET c measured here using the lysimeters was almost double the amount of water (650 mm) used by the growers in this area. The high water consumption of the lysimeter-grown vines may be explained by higher stomatal conductance due to the fact that the vines in the lysimeters were supplied with an unlimited amount of water.
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